Vital inorganic materials are often inefficiently prepared in terms of time, reagents, and manpower. Hydrothermal methods in particular often take many days or even weeks to prepare the desired materials. In this communication, we demonstrate a novel heterogeneous, green synthesis route and the crystal lattice parameters of several pure and intermediate ammonium and potassium titanyl phosphates, representing a significant improvement over existing syntheses in reaction time, and precursors used.
Compounds of the form A + M 4+ OPO 4 , such as ammonium and potassium titanyl phosphates (NTP and KTP) are well known for their nonlinear optical properties, [1] [2] [3] [4] [5] although other uses such as energy storage 6 and ion exchange 7 have been explored. These materials form in the orthorhombic crystal system with the m2m point group and Pna2 1 space group, containing the A + ions in 1-dimensional channels. 5, 7, 8 Syntheses are commonly achieved by high temperature fusion 1, 5 or flux-growth 3-5,9 methods. Hydrothermal or solvothermal methods can be used 2,5-7 requiring hazardous reagents and long reaction times. 2, 7 Improving on existing syntheses, we demonstrate the novel preparation of four derivatives of the K 1-x (NH 4 ) x TiOPO 4 system (x = 0, 0.33, 0.66, 1) by the reaction of nanoscale titanium dioxide with an excess of AH 2 PO 4 in a mild, heterogeneous hydrothermal process (200 o C for 3 days).
The refined lattice parameters, cell volumes, particle sizes and observed TGA mass losses are shown in Table 1 . The crystallites are produced in a narrow size distribution, as an agglomeration of platelets as can be seen in the SEM image in Figure 1 . The lattice parameters for KTP (x = 0) match those found in the literature. 5, 8 We also observe the general increases in a and b parameters, and decrease in the c parameter upon exchange of K + for NH 4 + . 5 Upon partial replacement of K + for NH 4 + (x = 0.33 and 0.66), little change in the a or c parameters is observed while b parameters increase markedly for both compounds, mirroring a prior synthesis of the similar K 0.5 (NH 4 ) 0.5 TiOPO 4 . 9 This effect is seemingly independent of the value of x. The increase in unit cell volume upon exchange of K + for NH 4 + is primarily a result of the larger b parameter increasing the size of the channels within the crystal structure of the material through increase of O-Ti-O bond angles. 4, 5, 9 The observed TGA mass losses at 600 o C correspond to the expected mass losses of NH 3 for level of NH 4 + present in each compound, decomposing on heating according to Equation 1. These observations demonstrate our manufacturing technique is consistent with the older, less efficient processes. We have demonstrated the production of phase-pure NTP, KTP and doped intermediates using mild hydrothermal conditions in quantitative yield with half the reaction time of typical hydrothermal syntheses. 7 The use of corrosive or harmful reagents (TiCl 4 and H 3 PO 4 ) 7 is also avoided. These represent some initial studies, and it is likely the synthetic process can be further optimised for greater efficiency and scale, or transferred to a higher volume hydrothermal flow method for preparation in nanoscale form. 10 Given the heterogeneous reaction mechanism (Equation 2), different sizes or phases of TiO 2 precursor could be used to tune the size and morphology of the product. Similarly, the use of surfactants or other capping agents in the synthetic process could allow for the production of finer platelets with higher surface area. 11 Other materials of technological significance could be synthesised using greener reagents and under the milder conditions as we have demonstrated here with appropriate adaption of existing synthetic methodologies.
Experimental, Notes, References, and Acknowledgements
Ammonium and potassium dihydrogen phosphates and titanium dioxide (D 10 = 0.133 um, D 50 = 0.199 um, D 90 = 489 um) were acquired from Sigma or Fisher and used as procured. Syntheses were conducted in a hydrothermal autoclave (Parr 4748) for 3 days at 200 o C. Deionised water (> 18 MΩ/cm) was used for all reactions. 80 ml of 1 M AH 2 PO 4 and 1.3 g of TiO 2 were used for all reactions. The TiO 2 was added to the phosphate solution and vigorously stirred before transferring to the autoclave and reacted under autogenous pressure. Products were washed several times with deionised water before analysis. X-Ray Powder Diffraction (PXRD) patterns were collected using a Bruker D2 Phaser diffractometer equipped with a Cu kα radiation source. Lattice parameters of K 1-x (NH 4 ) x TiOPO 4 (x = 0, 0.33, 0.66, 1) were derived from refinements of PXRD patters using the Jana2006 software package. 12 
